are organic with a straight-chain carbon backbone. We report an interstellar detection of a branched alkyl molecule, iso-propyl cyanide (i-C 3 H 7 CN), with an abundance 0.4 times that of its straight-chain structural isomer. This detection suggests that branched carbon-chain molecules may be generally abundant in the ISM. Our astrochemical model indicates that both isomers are produced within or upon dust grain ice mantles through the addition of molecular radicals, albeit via differing reaction pathways. The production of iso-propyl cyanide appears to require the addition of a functional group to a non-terminal carbon in the chain. Its detection therefore bodes well for the presence in the ISM of amino acids, for which such side-chain structure is a key characteristic.
2-cyanopropane)
. n-PrCN is the smallest alkyl cyanide that exists in several distinct conformations. The CN group can be attached to the terminal C of the propyl group in the CCC plane, trans to the CCC chain, leading to the anti conformer, also known as trans (Fig. 1C) ; it can also be attached to the propyl group rotated by ±120
• with respect to the CCC plane, leading to the gauche conformer (Fig. 1B) . The rotational spectrum of i-PrCN, previously only studied to a limited extent in the microwave region, has recently been recorded extensively in the laboratory from the microwave to the submillimeter wave region along with a redetermination of the dipole moment (8) .
We used ALMA in 2012 to perform a full spectral line survey toward Sgr B2(N) in the 3 mm atmospheric window between 84 and 111 GHz (9) . We identified the detected lines by modeling the molecular emission under the assumption of local thermodynamic equilibrium.
By employing predictions from the Cologne Database for Molecular Spectroscopy (10), we assigned emission features to i-PrCN or n-PrCN (9) . To interpret the astronomical detections, we performed numerical simulations of the chemistry occuring during the evolution of a hot core (9) .
Many spectral lines are detected in the ALMA data toward both of the hot cores embedded in Sgr B2(N). These spectra are very close to the confusion limit, i.e., signal from a spectral line is detected in nearly every spectral channel. The lines are narrower toward the northern, less prominent hot core (full width at half maximum, FWHM, ∼ 5 km s −1 ) than toward the southern, more prominent one. The detection of faint lines from rare species is therefore easier toward the former and we focus on this one in the present work. We constructed a preliminary model of the emission of all molecules previously detected, on the basis of our analysis of the previous single-dish survey of Sgr B2(N) (5) . In this way, the risk of mis-assigning a line to a new species is reduced. About 50 and 120 transitions of i-PrCN and n-PrCN, respectively, are detected toward the northern hot core ( Fig. 2A and B and Figs. S1 and S2). On the basis of this model, we selected the least contaminated transitions and produced contour maps of their intensity integrated over their line profile (Fig. 2C and E and Figs. S3 and S4) . From these maps, we derive a deconvolved angular size of 1.0 ′′ ± 0.3 ′′ (FWHM) for the region where both species emit. We used the population diagram method (11) to estimate a rotation temperature of 153 ± 12 K (SEM), which characterizes the emission of both molecules (9) .
With the size and temperature derived above and a linewidth measurement of 5 km s −1 , we obtain a good fit to all transitions of i-PrCN and n-PrCN detected toward the northern hot core of Sgr B2(N). After correction for the contribution of vibrationally excited states (9), we derive column densities of 7.2 ± 1.4 × 10 16 cm −2 and 1.8 ± 0.4 × 10 17 cm −2 (SEM), respectively, which yields an abundance ratio [i-PrCN]/[n-PrCN] of 0.40 ± 0.06 (SEM). The latter uncertainty assumes the same source size and rotation temperature for both isomers. With the H 2 column density derived from the continuum emission (9, Fig. 2D ), we deduce average abundances relative to H 2 of 1.
The latter uncertainties assume the same rotation and dust temperatures, and take neither possible contamination of the continuum emission by free-free emission nor uncertainties on the dust properties into account.
The recently developed chemical kinetics model MAGICKAL (Model for Astrophysical
Gas and Ice Chemical Kinetics And Layering, 12) was used to simulate the time-dependent chemistry of the source. The model begins with a cold collapse phase, during which abundant 4 ice mantles, composed of simple H, O, C, and N-bearing molecules, are formed on dust-grain surfaces. The cold stage is followed by a warm-up stage, during which the dust and gas temperature rises from ∼ 8 K to 400 K. The majority of complex organic molecule formation occurs during this stage, through the addition of simple and complex radicals within and upon the ice mantles.
The model produces time-dependent chemical abundances (with respect to H 2 ) for various cyanide molecules (Fig. 3) . The model temperatures at which each molecule's peak abundance is attained (Table S2 ) may be considered representative of the excitation temperature at which most of the emission from each molecule would occur, assuming local thermodynamic equilibrium. The desorption temperature of each PrCN isomer is ∼ 150 K, with peak gas-phase abundances achieved at 160 K. This agrees well with the rotation temperatures that we determine from observational data for these molecules.
The majority of each of the two PrCN isomers form in or on the dust-grain ices at around 55-75 K in the model. However, the model also indicates that, whereas many similar chemical pathways are open to both i-PrCN and n-PrCN, the dominant formation route in each case is different. The greatest contribution to i-PrCN production comes from the reaction of CN radicals (which are accreted from the gas) with the CH 3 CHCH 3 radical. The latter derives from the earlier gas-phase formation of C 3 , which is hydrogenated and stored on the grains as C 3 H 2 , C 3 H 4 , and C 3 H 6 . The addition of atomic hydrogen to propylene (C 3 H 6 ) significantly favors the production of CH 3 CHCH 3 , whose radical site lies at the secondary carbon atom (13) .
Because the production -either by hydrogen addition or abstraction processes -of radicals such as CH 2 CH 2 CH 3 and CH 2 CH 2 CN (whose radical site is at the primary carbon atom) is strongly disfavored versus their equivalent iso-forms, we find that the dominant formation mechanism for n-PrCN is the addition of C 2 H 5 and CH 2 CN -a process which has no equivalent for the production of i-PrCN. The radicals form through the abstraction of hydrogen by OH, from C 2 H 6 and CH 3 CN, respectively. i-PrCN production dominates all reaction mechanisms for which parallel processes are available to both isomers.
Although the overall peak gas-phase values of i-PrCN and n-PrCN produced by the models are similar, they show a slight bias toward i-PrCN production (2.2:1), rather than the observed bias toward n-PrCN (0.4:1). This may be caused by the poorly-defined rates for barriermediated surface reactions, such as H + C 3 H 6 → CH 3 CHCH 3 and OH + CH 3 CN → CH 2 CN + H 2 O, for which only gas-phase rates have been measured, and whose behavior may be somewhat different on an ice surface.
Amid the growing understanding that complex organic molecules could form on the surface of dust grains, the formation of branched alkyl molecules in the ISM was suggested theoretically in the 1980s (14) but no such molecules were detected until now. The detection of a branched alkyl molecule in Sgr B2, with an abundance similar to its straight-chain isomer, indicates a further divergence between the chemistry of star-forming regions like Sgr B2 and quiescent regions. These less active regions seem to produce only linear molecules -the largest one known to date being HC 11 N (15). The detection of a branched alkyl molecule also suggests a further link between interstellar chemistry and the molecular composition of meteorites for which branched amino acids are even found to dominate over their straight-chain isomers (16) .
The inherent bias toward the production of secondary rather than primary radical sites on precursor radicals suggests that branched molecules may be prevalent, and indeed dominant, in star forming regions where chemistry of sufficient complexity is reached. The detection of the next member of the alkyl cyanide series, n-butyl cyanide (n-C 4 H 9 CN), and its three branched isomers would allow the testing of this conjecture. 
. C, H, and N atoms are indicated by gray, small light gray, and blue spheres, respectively. ′′ ×1.6 ′′ , 1.8 ′′ ×1.6 ′′ , and 1.9 ′′ ×1.6 ′′ in (C), (D), and (E), respectively). The large cross indicates the position of the northern hot core as traced by both molecules. The smaller cross marks the position of the main hot core that has a lower systemic velocity, which implies that the contours outside the red box do not trace the emission of i-PrCN and n-PrCN in (C) and (E), respectively. The black ellipses show the size of the respective synthetic beams. The spectra toward and around the two hot cores embedded in Sgr B2(N) are full of lines and close to the confusion limit. It is thus difficult to separate the line emission from the continuum emission in a systematic way for the full data cubes, but it is a necessary step to produce separate line and continuum maps. For each spectral window of each setup, we selected six groups of few channels that seemed to be free of strong line emission. A first-order baseline was fitted to these selected channels and the result of the fit was used to split each data cube into two cubes, one for the line emission and one for the continuum emission. Given the difference in systemic velocity between the two hot cores (∼ 10 km s −1 , see 5), we selected different sets of channels for the northern and southern parts of the field.
Laboratory spectroscopy. Predictions of the rotational spectra of i-PrCN and n-PrCN were taken from the CDMS (10), version 1 and 2, respectively. The predictions of i-PrCN were based on spectroscopic parameters derived from microwave to submillimeter wave measurements (8) .
The dipole moment components were also redetermined in that work. We built our own Weeds database containing mostly JPL (24) and CDMS (10) for the former is due to the narrower energy range of its detected transitions. We estimate the statistical error on the derived column densities to be on the order of 20% (SEM), with 10%
coming from the uncertainty on the (n-PrCN) rotation temperature. This uncertainty does not take into account the uncertainty on the source size and the overall calibration uncertainty that should however both affect the column densities of i-PrCN and n-PrCN in the same way.
Continuum emission. The peak flux density measured toward the northern hot core at 98.8 GHz is 0.24 Jy/1.8 ′′ ×1.3 ′′ -beam. Assuming a dust mass opacity of 0.01 cm 2 g −1 at 230 GHz (25), a dust emissivity index β = 1.0, a mean molecular weight per H 2 molecule of 2.8, a temperature of 150 K, and that all the continuum flux is due to thermal dust emission, we derive a peak H 2 column density, N H 2 , of 4.2 × 10 24 cm −2 . For a distance of 8.34 kpc, the measured peak flux density corresponds to a mass, M, of 415 M ⊙ for a region of size 12900 AU (FWHM). Assuming spherical symmetry, this translates into a mean free-particle density, n, of 5.5 × 10 7 cm −3 , or a mean hydrogen density n H of 9.3 × 10 7 cm −3 . We extrapolate these results for the more compact region where the PrCN emission comes from (FWHM ∼ 1.0 ′′ ) by assuming spherical symmetry and a density profile proportional to r −1.5 (26). Table S1 shows the main reactions included in the model that lead to the formation of n-PrCN and i-PrCN upon/within the dust-grain ices. They are all assumed to proceed without a barrier. Only the final step is shown for each mechanism. The production of the larger precursor radicals involved in the listed reactions can occur through hydrogen abstraction from a saturated molecule, e.g. C 3 H 8 (either by OH or NH 2 ). Photolysis may also produce such radicals, although other product branches are also included in the model for each photolysis event. A set of analogous reactions to some of those shown in Table S1 is also included, which consist of the addition of CH 2 (rather than CH 3 ) to a radical. PrCN is then formed by the addition of a hydrogen atom. The CH 2 mechanisms are of only minor influence to the results.
CH 3 can be formed by dissociation of molecules such as methanol (CH 3 OH), while CN also has multiple gas-phase and dust-grain routes to its formation. Some reactions between stable molecules and radicals other than OH and NH 2 are included in the chemical network, but these are relatively inefficient, due to significant activation energies, and at interstellar temperatures would strongly favor the abstraction of atomic hydrogen, rather than producing more complex molecular structures.
Measured gas-phase rates indicate that hydrogenation of C 3 H 6 and H-atom abstraction from C 3 H 8 preferentially result in an unpaired electron at the secondary carbon site (13, 29, 30) , due to the lower activation energy, which favors i-PrCN production over n-PrCN. Hydrogenation and abstraction processes involving C 2 H 3 CN and C 2 H 5 CN, respectively, are treated similarly.
Photodissociation rates are also assumed with a bias of 10:1 in favor of a radical site at the secondary carbon, although the importance of photodissociation is small compared to the former processes. All other rates and binding energies are assumed to be identical between the i-PrCN and n-PrCN forms. Binding energies of molecules for which experimental data on appropriate ice surfaces do not exist, including PrCN, are determined by interpolation of known energies for similar species or functional groups. 
